Dendritic cells (DCs) initiate adaptive immunity and regulate the inflammatory response by producing inflammatory chemokines. This study was aimed to elucidate their role in the pathogenesis of the suppurative granuloma induced by Bartonella henselae infection, which characterizes cat scratch disease (CSD). In vitro DC infection by B. henselae results in internalization of bacteria, phenotypic maturation with increased expression of HLA-DR and CD86, and induction of CD83, CD208, and CCR7. In comparison to LPSactivated DCs, B henselae-infected DCs produce higher amounts of IL-10, whereas the production of IL-12p70 is reduced. Infected DCs also produce high levels of CXCL8 and CXCL13, 2 chemokines active respectively on neutrophils and B lymphocytes. These results provide the molecular basis for the morphogenesis of CSD granuloma, which typically contains high numbers of neutrophils and B cells. Remarkably, CSD granulomas in vivo contain CXCL13-producing DCs. We further demonstrate that the B cells in CSD granulomas are represented by monocytoid B cells and, worth noting, they express T-bet, a transcription factor able to induce a T-independent immunoglobulin (Ig) class switch in B lymphocytes. These findings suggest that the humoral immune response to B henselae initiates in the extrafollicular areas of infected lymph nodes and is regulated by DCs. 
Introduction
The orchestration of the immune response against infections strictly relies on the interaction of pathogens with professional antigen-presenting cells in peripheral tissues. Among them, dendritic cells (DCs) have the unique ability to induce a potent antigen-dependent stimulation and play a central role in the initiation of the primary immune response. 1, 2 Indeed, upon exposure to microbial pathogens, DCs migrate to lymph nodes and undergo maturation into potent stimulatory cells. [3] [4] [5] This process is usually accompanied by Toll-like receptor (TLR) activation that leads to phenotypic and functional changes and by inflammatory cytokine and chemokine production culminating in the recruitment and activation of effector cells. In vivo, DC-derived chemokines are believed to contribute to the recruitment of precursor cells and immature DCs at peripheral inflammation sites and within lymph nodes, where they play a role in T-and B-cell localization. [6] [7] [8] In terms of immune protection against infectious diseases, nodal granuloma reactions control the systemic spread of pathogens and represent an intriguing model for the effector phase of immune response. The cytokine network involved in the recruitment of DCs in pathologies like the hypersensitivity-type granulomas, typically observed in mycobacterial lymphadenitis, has been extensively investigated. [9] [10] [11] Hypersensitive-type granulomas are mainly composed by macrophages, macrophage-derived cells such as epithelioid and giant cells, and numerous T lymphocytes, bearing a T-helper 1 (Th1) phenotype. 12 Granulomas resulting from Bartonella henselae infection and associated with cat scratch disease (CSD) are markedly different in terms of both morphology (eg, a suppurative appearance due to central accumulation of neutrophils) and cell composition, characterized by the high content of B lymphocytes. [13] [14] [15] CSD typically affects children and young adults, who develop regional lymphadenopathy. In immunocompetent hosts, the clinical evolution is self-limited, with low-grade fever, anorexia, and malaise. 16 In contrast, in immunocompromised hosts, bacteremia may occur, and the spreading of bacilli to liver, spleen, and skin is responsible for bacillary peliosis hepatis and/or bacillary angiomatosis. 17 The B-cell-rich suppurative granulomas occurring in CSD suggest a peculiar organization of the immune response to B henselae. In this study we analyzed the effects of B henselae infection on monocyte-derived DCs in vitro and studied the cell composition and chemokine/cytokine production in CSD granulomas on tissue sections. DCs are permissive to B henselae infection and, upon internalization, they release cytokines such as IL-10, IL-6, TNF␣, and CXCL13, cytokines known to activate and recruit B lymphocytes. In vivo, CSD granulomas show a massive infiltration of T-bet ϩ monocytoid B lymphocytes and, remarkably, the presence of CXCL13-producing DCs. CXCL13 production by DCs may represent the key event leading to the organization of the B-cell-rich granuloma that peculiarly characterizes CSD.
Materials and methods

Reagents
Synthetic lipopeptide Pam 3 CSK 4 (P3) was obtained from EMC Microcollections (Tübingen, Germany). Synthetic IL-1 was obtained from the NIBSC (Potters Bar, United Kingdom), and recombinant TNF was a kind gift of Dr D. Männel, (Regensburg, Germany). LPS derived from Salmonella enterica serovar Friedenau was kindly provided by Dr H. Brade (Borstel, Germany).
Tissues and staining procedures
Tissue specimens included lymph nodes from patients affected by HIV lymphadenitis (5 cases), cat scratch disease (7 cases), and granulomatous lymphadenitis due to Mycobacterium tuberculosis (4 cases) and Toxoplasma gondii (2 cases). Diagnostic confirmation of the disease was based on clinical history, laboratory findings, lymph node histology, and identification of the microorganisms. Tissues were removed following standard surgical procedure, fixed in 10% formalin, and routinely processed. From all cases, fresh frozen material was also available. Tissue sections were stained with conventional hematoxylin/eosin procedure for morphologic purposes. Ziehl-Neelsen stain and a modified Warthin-Starry technique were used to identify the infectious agents. Approval for these studies was obtained from the "Spedali Civili di Brescia" institutional review board. Informed consent was provided according to the Declaration of Helsinki.
Immunohistochemical staining was performed using indirect streptavidin-biotin complex immunoperoxidase or immunoalkaline-phosphatase techniques; when required, antigen retrieval on paraffin sections was performed using microwave or water-bath heating in EDTA buffer (pH 8.0) or protease XIV digestion (for monoclonal antibodies CD21 and CD68). To confirm the Bartonella strain, anti-B henselae monoclonal antibody (anti-BH 18 19 Staining for CXCL8 was performed as previously described. 20 Negative controls were represented by the omission of primary antibody and by the use of an irrelevant primary antibody, applied at the same concentration as the reagents (for IgG1, mouse monoclonal anticytokeratin 7, clone OV-TL12/30, DAKO Cytomation, or anti-HHV8, clone 13B10, Novocastra; for IgG, mouse anticytokeratin, clone AE3, Biogenex). Sections were examined with a fluorescence microscope Olympus BX60 using objectives with numeric apertures of 0.40 (10ϫ), 0.70 (20ϫ), 0.85 (40ϫ), and 0.90 (60ϫ), equipped with a DP-70 Olympus digital camera (Olympus, Melville, NY). Images were acquired using analySIS ImageProcessing software (Soft Imaging System GmbH, Munster, Germany).
Bacteria
B henselae Houston I strain (ATCC 49882; Manassas, VA) was grown on 5% sheep blood Columbia agar plates (BioMerieux, Lyon, France) in anaerobic conditions (candle jar) at 37°C for 7 days. Bacteria were harvested under a laminar-flow hood by gently scraping colonies off agar surface, suspended in SPG (sucrose, KH2PO4, glutamic acid), and stored at Ϫ80°C in 1-mL aliquots. For biologic assays, a stock suspension of frozen bacteria was thawed and washed 3 times with PBS, and the bacteria were added to cell culture wells at the indicated bacteria-per-cell ratio. Killed B henselae used in some experiments were obtained by heating thawed bacteria to 56°C for 30 minutes.
B henselae detection by PCR
DNA was extracted from lymph node biopsies and B henselae-infected DCs. A seminested polymerase chain reaction (PCR) was performed to amplify part of the htrA gene as previously described. 21 
Monocyte-derived DC preparation and infection
DCs were generated as previously described. 22 Briefly, highly enriched blood monocytes (95% CD14 ϩ ) were obtained from buffy coats (through the courtesy of the Centro Trasfusionale, Brescia, Italy) by Ficoll (Biochrom, Berlin, Germany) and Percoll gradients (Pharmacia Fine Chemicals, Uppsala, Sweden). Monocytes were cultured for 6 days at 1 ϫ 10 6 /mL in 6-well tissue culture plates (Falcon; BD Biosciences, Franklin Park, NJ) in RPMI 1640 supplemented with 100 U/mL penicillin, 100 g/mL streptomycin, 2 mM L-glutamine, and 10% heat-inactivated FCS. To generate DCs, cultures were also supplemented with 50 ng/mL GM-CSF and 20 ng/mL IL-13. On day 6, DCs were collected by moderately vigorous aspiration and transferred to 12-well plates at a density of 1 ϫ 10 6 cells/mL. Bacteria were added at a 10:1 ratio and the cultures were incubated in RPMI 1640 medium and 10% FCS without antibiotics for 90 minutes at 37°C. After incubation, gentamicin (250 g/mL; Schering-Plough, Kenilworth, NJ) was added to kill extracellular bacteria. After 1 hour, cultures were washed twice with medium to remove gentamicin. In some cases DCs were cultured in the presence of 100 ng/mL LPS. For the blocking experiments, DCs were treated with 10 g/mL anti-TLR2 (mAb 2392; Genentech, San Francisco, CA), 23 anti-TLR4 (HTA125; eBioscience, San Diego CA), or control IgG (eBioscience) for 30 minutes at 37°C before the addition of B henselae or appropriate stimuli.
Flow cytometry
To detect the expression of cell surface antigens, DCs were collected 24 hours after infection. DCs were preincubated for 30 minutes at 4°C in PBS containing 2% goat serum plus 0.2% sodium azide, washed twice with 1% bovine serum albumin (BSA) in PBS, and incubated for 30 minutes at 4°C with anti-CD14 PE, anti-major histocompatibility complex (MHC) PE, anti-CD86 PE, anti-CD80 FITC, or isotype control IgG PE or FITC. After washing with PBS, cells were analyzed on a FACSCalibur (Becton Dickinson).
Immunocytochemistry on monocyte-derived DCs
Monocyte-derived DCs were generated as reported in "Monocyte-derived preparation and infection" and used for immunocytochemistry upon cytospin preparations and cell fixation. 24 For B henselae detection, the anti-BH mAb was applied following the same procedure adopted for tissue sections. DCs were also evaluated for their maturation profile upon infection, by using CD208 immunostaining as reported elsewhere. 24 Cell counting was performed on 5 high-power fields. 
Mixed leukocyte reaction
Irradiated immature DCs (iDCs), LPS-matured DCs (LPS-
DCs
Activation of transiently transfected HEK cells
HEK293 cells were plated at a density of 5 ϫ 10 4 /mL in complete medium without G418. The following day, cells were transiently transfected using Polyfect (Qiagen, Valencia, CA) according to the manufacturer's protocol. Expression plasmid containing human CD14 was a kind gift of Dr D. T. Golenbock (Worcester, MA). The Flag-tagged versions of human TLR2 and human TLR4 (a kind gift from P. Nelson, Seattle, WA) were subcloned into pREP9 (Invitrogen, Carlsbad, CA). TLR1 and TLR6 expression plasmids were a kind gift from Dr R. Medzhitov (New Haven, CT). The human MD-2 expression plasmid was a kind gift from K. Miyake (Tokyo, Japan). Plasmids were used at 200 ng/transfection. The total DNA content was kept constant at 450 ng/transfection using pCDNA3 (Invitrogen). After 24 hours of transfection, cells were washed and stimulated for 18 hours with heat-killed B henselae (as indicated in the Figure 4 legend), P3 (100 nM), LPS (100 ng/mL unless otherwise specified), IL-1␤ (30 U/mL), and TNF␣ (5 ng/mL). Finally, supernatants were collected and the CXCL8 content was quantified using a commercial enzyme-linked immunosorbent assay (ELISA; Biosource).
ELISA
Human IL-6, IL-10, IL-12p70, TNF␣, CXCL8, CXCL1, and CXCL13 protein levels in the DC culture supernatants were measured by sandwich ELISA (R&D Systems).
Statistical analysis
Comparison among treatments was performed by Student t test or by analysis of variance, as appropriate.
Results
DCs are permissive to B henselae infection
Immature DCs have an elevated intrinsic capability to internalize microbes and subsequently to differentiate into mature antigenpresenting cells. 4 We have previously reported that B henselae is subjected to rapid internalization and survives in murine macrophages. 25 In order to assess whether B henselae infects DCs, immature DCs were incubated with B henselae (bacteria/DC ratio 10:1) for 60 minutes. After gentamicin killing of extracellular bacteria, DCs were collected and subjected to cytospin and immunocytochemical staining by the use of anti-B henselae monoclonal antibody (anti-BH). We found that the majority of DCs (Ͼ 95%) that were incubated with bacteria were infected, as shown by the strong reactivity for anti-BH in their cytoplasm ( Figure  1A-B) . The staining was exclusively intracellular, with a granular cytoplasmic pattern of expression, suggesting that bacteria are internalized by DCs ( Figure 1B inset) .
B henselae induces DC maturation
In order to investigate the effect of B henselae infection on DC maturation, we evaluated the immune phenotype of human DCs incubated for 24 hours with B henselae at a bacteria/DC ratio of 10:1; LPS was used as the prototype of a bacterial derivative that is known to induce full maturation of DCs. As shown in Figure 2 , B henselae infection induced the expression of CD83 and CCR7 and the up-regulation of HLA-DR, CD80, and CD86 to levels comparable with those obtained with LPS. Next, we assessed the expression of CD208, a lysosomal protein induced in mature DCs subjected to stimulations such as LPS treatment. CD208 expression was evaluated by immunocytochemistry on cytospin preparations of B henselae-infected DCs ( Figure 2B ). The majority of infected DCs (more than 90%) displayed the typical CD208 paranuclear expression suggesting that B henselae constitutes a strong maturation stimulus for human DCs. Next, we investigated the consequences of DC infection by B henselae on the capacity of these cells to provide a costimulatory signal to normal allogeneic T cells. DCs matured by incubation with B henselae were able to induce the proliferation of allogeneic T lymphocytes at levels that were comparable to those attained with LPS-matured DCs ( Figure 2C ).
Chemokine and cytokine induction in B henselae-infected DCs
To investigate whether B henselae infection induces the secretion of inflammatory and/or immunomodulatory cytokines, supernatants from B henselae-infected DCs or from LPS-treated DCs were collected at 24 hours and assayed for IL-12p70, TNF␣, IL-6, and IL-10. As shown in Figure 3 , infected DCs produced large amounts of TNF, IL-6, and IL-10, three B-cell-active cytokines, whereas the secretion of IL-12 was significantly reduced in comparison to LPS-treated DCs. IL-10 levels were higher in supernatants of B henselae-infected DCs compared with LPS-matured DCs. Given the role played by chemokines in the recruitment and selective 
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homing of activated/effector cells into the site of infection to form the granuloma, we examined the expression of chemotactic signals for neutrophils 26, 27 and B cells, 28 the 2 most typical cell components of CSD granuloma. As shown in Figure 3 , CXCL8 and CXCL1 were significantly higher in supernatants of B henselaeinfected DCs compared with corresponding controls.
Other neutrophil-specific chemokines were either constitutively expressed at mRNA level and not increased by B henselae infection (eg, CXCL5 and CXCL7) or not expressed in resting DCs and not induced by infection (eg, CXCL6; data not shown). As CXCL13 is the most effective B-cell chemoattractant, 29, 30 we analyzed the effect of B henselae infection on CXCL13 production. DCs produced substantial levels of CXCL13 in response to B henselae (Figure 3) . On the whole, these experiments indicate that B henselae-driven DC activation is associated with the release of cytokines/chemokines relevant in granuloma formation.
Activation of TLR2 pathway upon B henselae infection
Pathogens are recognized by host cells through the recognition of PAMPs (pathogen-associated molecular patterns) by pattern recognition receptors including Toll-like receptors (TLRs). [31] [32] [33] [34] To investigate which TLRs may play a role in the activation of cells by B henselae, we examined HEK293 cells transiently transfected with TLR2 or TLR4 using the production of CXCL8 as read-out of activation.
As shown in Figure 4 , heat-killed B henselae induced CXCL8 secretion by TLR2-transfected cells ( Figure 4B ) in a dosedependent manner. CXCL8 release was detectable upon stimulation with as few as 5 bacteria per cell. By contrast, B henselae did not induce CXCL8 secretion in TLR4-transfectd HEK293 cells, even when 50 bacteria/cell were used (Figure 2A) . Since TLR2-mediated response is modulated by TLR6 and TLR1 activation, [35] [36] [37] we tested the ability of B henselae to activate HEK293 cells transfected with different combinations of TLR2, TLR1, and TLR6. As expected, cotransfection of TLR1 and TLR6, without TLR2, led to no activation of the cells by B henselae or the synthetic lipopeptide Pam 3 CSK 4 (P3), a selective activator of TLR2. 38 In the absence of CD14, cotransfection of TLR1 or TLR6 with TLR2 did not substantially increase cell responsiveness to B henselae ( Figure 4B ). However, in the presence of CD14, coexpression of TLR2 and TLR6 decreased the activation threshold to a lower bacteria-to-cell ratio (eg, 1:1; Figure 4C ).
To evaluate the role of TLRs in DC activation by B henselae we studied the effect of anti-TLR2 and anti-TLR4 on CXCL8 production from DCs stimulated with B henselae. A significant decrease (40%) in B henselae-induced CXCL8 secretion was observed after treatment with anti-TLR2 mAb but not after treatment with anti-TLR4. As a positive control, DCs were treated with the known ligands to TLR2 (P3) and to TLR4 (LPS). Both agonists induced CXCL8 secretion that could be blocked with anti-TLR2 or anti-TLR4 mAb, respectively ( Figure 4D ). Although B henselae is a Gram-negative bacterium, our results clearly indicate that the interaction of whole bacteria with target cells occurs through engagement of TLR2, rather than TLR4, and provides evidence for functional usage of TLR2 in response to B henselae on DCs.
Chemokine/cytokine production and cell composition of B henselae-induced granulomas Lymph node sections from 7 cases of CSD were analyzed in terms of morphology and cellular composition. All cases showed a granulomatous lymphadenitis with suppurative and necrotic features (not shown); bacilli were demonstrated by the Warthin-Starry technique (not shown) and by anti-BH immunohistochemistry ( Figure 5A-B) . The staining with this antibody was regularly For personal use only. on December 23, 2017. by guest www.bloodjournal.org From negative in mycobacterial and noninfectious granulomas (not shown), thereby supporting its specificity. Furthermore, B henselae DNA was identified in all CSD cases by PCR, using specific primers ( Figure 5C ). Double immunostaining showed that bacilli were found intermingled with CD20 ϩ B cells and CD68 ϩ macrophages within the granulomas ( Figure 5D-E) ; however, no intracellular bacilli in these and other leukocytes, as well as endothelial cells, could be found (not shown).
The cell composition of suppurative granulomas clearly differs from that found in hypersensitivity-type granulomas [13] [14] [15] : in addition to neutrophils, CSD granulomas contain high numbers of B cells, the latter being found at the periphery as well as in the central necrotic areas (Figure 6A-B) . In view of their morphology these B cells were retained to represent monocytoid B cells. 14, 15 This observation has been confirmed in this study by the demonstration that these cells are negative for Bcl2 and IgD (expressed by follicle mantle B cells) and Bcl6 (expressed on germinal center B cells; not shown). Furthermore, they were also negative for TCL1, a B-cell transcription factor expressed by germinal center and by a subset of mantle B cells 39 ( Figure 6C-D) . Limited data are available on the functional role of these B cells. Their phenotype and genetic profile is in keeping with B lymphocytes that have bypassed the germinal center reaction. 40 Looking for an alternative mechanism of extrafollicular Ig class switch, we tested the expression of T-bet. This T-box transcription factor is well known for its role in Th1 lineage commitment of CD4 ϩ T cells. 41 Recent data indicate that it may also induce a germinal center-independent Ig class switch in B cells. 42 Immunohistochemistry using an anti-T-bet Ab showed that the large majority of monocytoid B cells found in different infectious lymphadenitis including toxoplasmosis, HIV, and CSD are positive for T-bet in their nuclei ( Figure 6E -G and Figure S1 , which is available on the Blood website; see the Supplemental Figures link at the top of the online article). No reactivity was found in other nodal and splenic B cells, as previously reported. 43 Since B henselae infection of DCs in vitro is accompanied by phenotypic maturation and CD208 induction, as well as by the production of CXCL13, CXCL8, and IL-10, we asked whether the same molecules were also recognizable in suppurative granulomas in vivo. Immunohistochemistry showed numerous CD208 ϩ and CXCL13 ϩ cells at the periphery of granulomas ( Figure 7A-B) . 
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To further investigate the phenotype of the CXCL13-expressing cells within the granulomas, costaining with CD11c, CD14, CD23, and CD68 were performed; scattered CD11c ϩ CXCL13 ϩ , as well as CD14 ϩ CXCL13 ϩ and CD68 ϩ CXCL13 ϩ cells, were found, likely corresponding to myeloid DCs, immature DCs, or macrophages 44 ( Figure 7C ). Finally, sparse CXCL13 ϩ CD23 ϩ follicular DCs were present, likely derived from the mantle of B follicles compressed at the periphery of some granulomas (not shown).
CXCL13 ϩ DCs were surrounded by CD20 ϩ B-cell aggregates ( Figure 7D) , therefore, CXCL13 ϩ -producing cells are strategically located at the site of B-cell recruitment. Remarkably, in mycobacteria-infected lymph nodes, a situation that lacks a prominent B-cell infiltration, CXCL13 ϩ cells were either absent or rarely detected in the peri-granulomatous area (not shown). Finally, the observed dominant induction of CXCL8 and IL-10 upon B henselae infection in vitro was paralleled in vivo by the strong expression of this cytokine by the granuloma (Figure 7E-F; Figures S2 and S3 ).
Discussion
In this study we provide evidence for a pivotal role of DCs in the response against B henselae and describe a possible molecular basis for the recruitment of B cells into B henselae-dependent granuloma. In vitro, B henselae internalization by DCs results in classical phenotypic and functional changes that are characteristic of DC maturation. B henselae-infected DCs increased cell surface expression of CD80 and MHC class II and expressed the DC maturation markers CD83 and CD208. In addition, B henselaedriven maturation was accompanied by induction of the chemokine receptor CCR7 and by increased ability to induce allogeneic T-cell proliferation. Although most microbes as well as purified microbial antigens induce the maturation of human DCs, some parasites and viruses are able to interfere with this process. [45] [46] [47] The results presented in this study suggest that this is not the case for B henselae and that B henselae-infected DCs acquire the ability to maturate, to migrate to secondary lymphoid organs, and thereby to drive an effective immune response against this Gram-negative pathogen. The ability of B henselae to induce DC maturation is supported by the identification of mature DCs surrounding granulomas of CSD patients.
Microbial interaction with the immune cells is largely mediated by the engagement of pattern recognition receptors belonging to the Toll-like receptor (TLR) superfamily. 48 B henselae, being a Gram-negative bacterium, is expected to activate TLR4. Zahringer et al 49 demonstrated that purified LPS from B henselae can activate via TLR4, although at 1000-to 10 000-fold lower potency than LPS from Salmonella enterica. In this study we provide direct evidence that transfection of H293 cells with TLR2 but not with TLR4 confers responsiveness to intact B henselae. These data suggest that B henselae signals mainly via TLR2 with only minor, if any, involvement of TLR4. Data obtained with blocking mAbs further supported this conclusion, as shown by the ability of anti-TLR2 but not anti-TLR4 to significantly reduce CXCL8 release in DCs stimulated with B henselae. This apparent inconsistency can be explained considering the weak intrinsic activity of B henselae LPS. 49 Consistently with this observation, Mandell et al 50 recently reported that Helicobacter pylori, another Gram-negative bacterium, activates innate immunity via TLR2, despite the capacity of H. pylori-derived LPS to activate TLR4 in vitro. It is likely that B henselae, similarly to H. pylori, can activate target cells by a membrane component different from LPS.
Activation of TLR-dependent pathways in infected cells ultimately leads to NF-kB-dependent production of cytokines. In our in vitro experiments B henselae interaction with DCs is paralleled by the secretion of proinflammatory cytokines at levels comparable to those detected after DC stimulation with LPS, a classical For personal use only. on December 23, 2017 . by guest www.bloodjournal.org From activator of these cells. However, B henselae-matured DCs produced higher levels of IL-10 and lower amounts of IL-12 p70 compared with LPS-matured DCs. Because of the negative regulatory effect of IL-10 on IL-12 production, it is likely that the high secretion of IL-10 by B henselae-infected DCs may account for the low production of IL-12. 24, 51 It should be noted, however, that the high levels of IL-10 did not impair the maturation of B henselaeinfected DCs or their capacity to provide an effective costimulatory activity for T cells, suggesting that B henselae does not apparently affect DC competence for T-cell activation. Similarly to other infectious diseases, high production of TNF␣ may participate in the organization of a functional granuloma. 52 We have demonstrated that upon infection with B henselae, DCs secrete large amounts of neutrophil-active chemokines such as CXCL8 and CXCL1. 53, 54 Moreover, CXCL13, a potent chemotactic signal for B cells, 29, 30, 55 is released by B henselae-infected DCs. These results suggest that B henselae induces the secretion of factors involved in the recruitment of neutrophils and B cells, the 2 most typical cell components of CSD granulomas.
Numerous cells expressing CXCL13 were identified within the granulomas, dispersed within CD20 ϩ B lymphocytes. These cells display a dendritic morphology and express CD11c, CD14, and CD68, indicating that myeloid DCs, immature DCs, and macrophages represent the source of CXCL13 in CSD granulomas. These data show that, in keeping with previous studies in human 44, 56 and animal 57,58 models, cells distinct from follicular DCs, including myeloid DCs and macrophages, produce CXCL13 in B henselaeinduced granulomas.
It is interesting to note that we did not detect CXCL13 production in the hypersensitivity-type granulomas. Therefore, these results strongly suggest that myeloid DCs are responsible for the recruitment of B lymphocytes in CSD granulomas, a feature that distinguishes B-cell-dependent granulomas from other T-cellmediated hypersensitivity granulomas. 14, 15 Perrier et al 59 showed that IL-10 in combination with LPS increased CXCL13 expression and release in monocyte-derived DCs and plasmacytoid DCs. Our finding of IL-10 in CSD granulomas indicates that B-cell modulation is likely to occur in vivo also. On the basis of their morphologic features and CD20 expression, it has been suggested that B lymphocytes associated with CSD granuloma are represented by monocytoid B cells, [13] [14] [15] a hypothesis that has been proven in this study by the demonstration that their phenotype (CD20 ϩ , TCL1 Ϫ , IgD Ϫ , Bcl2 Ϫ , Bcl6 Ϫ ) fully corresponds to that displayed by monocytoid B cells occurring in other reactive lymphadenitis. 39, 40 Functional data are limited on this B-cell subset. It has been postulated that monocytoid B cells represent the nodal counterpart of splenic marginal zone B lymphocytes 60 and may play a similar function in a T-cell-independent B-cell immune response occurring outside the germinal center. 40, 61 We showed that monocytoid B cells represent a unique subset in terms of T-bet expression, a T-box transcription factor able to induce a germinal center-independent Ig class switch. 42 Regulation of T-bet expression in B cells has been recently investigated and it has been demonstrated that it can be induced by several DC-derived stimuli. 62, 63 Despite that monocytoid B cells occur in other infectious lymphadenitis, such as toxoplasmosis and HIV, their direct involvement within the lesion areas is distinctive of CSD.
This indicates that within the CSD granuloma, cytokines and chemokines locally produced by B henselae-infected DCs may attract monocytoid B cells and induce their differentiation into antibody-producing plasma cells.
In conclusion, this study defines the basis for the interaction of B henselae with DCs at the molecular level and provides a mechanistic model for the formation of the B-cell-rich granuloma that characterizes the infection by this pathogen.
